We consider a supersymmetric extension of the algebra associated with three and four dimensional Anti de Sitter space. A representation of the supersymmetry operators in superspace is given. Supersymmetry invariant models are constructed for the superspace associate with AdS 3 .
Introduction
The supersymmetric extensions of the symmetry groups associated with flat spaces have been closely analyzed. The supersymmetry algebras that arise from spaces of constant curvature have also been considered [1] . In more recent work [2] novel superspace representations for the supersymmetry algebras connected with AdS 2 and S 2 have been found, based on an approach which uses the embedding space rather than the intrinsic space. In the present paper, the supersymmetry algebras arising from AdS 3 and AdS 4 are examined along similar lines. For AdS 3 , a superspace whose Bosonic coordinates constitute a four dimensional (2 + 2D) space with metric η µν = diag(+ + −−) in which AdS 3 is embedded is devised.
The supersymmetry operators are given a representation in this space. The ability to do so depends on the (anti-) self duality of the spin tensor for rotations. Superfield actions are written in this superspace and then re-expressed using component fields. A representation in superspace of the supersymmetry operators associated with AdS 4 is similarly devised, though a superfield action in this superspace does not appear to be immediately feasable.
AdS Superspace
The Bosonic space we consider is a three dimensional surface defined by the equation
The Dirac matrices associated with this space are taken to be real:
where τ i is a Pauli spin matrix. These matrices satisfy
If now we define
then we find that
Furthermore, there are the duality relations
where ǫ 0123 = ǫ 0123 = +1. Other useful relations are
Transformations that leave the AdS 3 space of eq. (1) invariant are generated by
These satisfy the algebra
If we now define
then both K µν and K µν satisfy relations of the form of eq. (10).
Spinors in 2 + 2 dimensions can be simultaneously chiral and Majorana [3, 4] . The Majorana condition is
where
with
and (13) gives
If Q is a supersymmetry generator, taken to be a Majorana-Weyl spinor, then a suitable extension of the AdS 3 algebra of eq. (10) is
In (17a), we have takenQ ≡ Q T τ 2 on account of (15) and (16). The algebra of (10), (17) satisfies the Jacobi identities; proving this entails using the Fierz identity [2] for
(One could also have used σ µν in place of σ µν in (17).) In contrast to [1] , this does not include the bosonic generator of translations.
In order to have a representation of the algebra of (10), (17) in superspace, we consider
(We have introduced a fermionic coordinate θ which is a Majorana-Weyl Grassmann spinor.)
It is apparent from (19) and (21) that
on account of the Fierz identity
Furthermore, by using eq. (7), we find that
Note that (24), unlike (17b), is consistent with (6a) and (11a).
It is now possible to use the relation (6a) to rewrite (22) as
Together, (24) and (25) constitute a supersymmetric extension of the algebra associated with AdS 3 . One could also take
in place of (19). In this case we would have the superalgebra
in place of (24-25).
We now turn to models invariant under the supersymmetry transformations generated by Q and J µν .
Supersymmetric Models for AdS 3 Supersymmetry
It is apparent that with Q i defined by (19),
We also note that it is possible to define a superfield
where f 1 and f 3 are scalars and f 2 is a Majorana spinor. Under a transformation generated by Q, we have
and consequently
As a result, the change in a superfield induced by a supersymmetry transformation is a surface term at order θ 2 . Hence, if the standard definition of Grassmann integration is adopted (with normalization
or equivalently
then a supersymmetric invariant action can be formed by integrating an appropriate superfield (or product of superfields) over x µ and θ.
For example, we might consider the action
In order to define the superfield Φ off the surface of eq. (1), we adopt the condition
where ω is a real constant. This condition is supersymmetry invariant by eq. (29a). A similar condition has been used by Dirac in order to treat fields in four dimensional de Sitter space [5] . If Φ is expanded in terms of component fields
then the condition of eq. (36) leads to
It is possible to show from (26) that
Also, we make use of the result
Together, (34), (37-40) reduce (35) to simply
Supersymmetry invariant interactions can also be introduced, the simplest being of the form
Furthermore, in place of (35) it is possible to consider alternate actions possessing supersymmetry such as
We now consider the representation of operators associated with a supersymmetric extension of the AdS 4 algebra.
AdS 4 Superspace
In analogy with eq. (1), we take AdS 4 to be a four dimensional surface
The associated Dirac matrices are taken to be
so that a charge conjugation matrix C satisfying
can be taken to be
Furthermore, if we let
for a spinor Q, and define charge conjugation by
so that Q can be taken to be Majorana. Hence, if we definẽ
a suitable superalgebra [2] associated with AdS 4 is
(By using the Fierz identities
all Jacobi identities associated with (51) can be shown to be satisfied.) Again, the bosonic generator of translations has not been included, in contrast to the superalgebras considered in [1] .
A superspace is now introduced; it consists of the coordinates x A , a Majorana fermion θ and an extra bosonic variable β (whose significance is not apparent). It is an easy exercise to show that a representation of the algebra of (51) is given by
Two invariants, analogous to the two of (30) and (31) for AdS 3 , are
and
Regrettably, it does not appear feasable to devise a realistic action for a superfield in the superspace associated with AdS 4 . The principle reason for this is that there are now four independent components for the Majorana spinor coordinate θ in superspace, rather than two as is the case with AdS 3 .
Discussion
We have succeeded in formulating representations of the supersymmetry algebras associated with AdS 3 and AdS 4 in superspace. This leads to new interacting supersymmetric models for AdS 3 . The approach used closely resembles that used in conjunction with supersymmetry associated with S 2 and AdS 2 [2] . Since it makes essential use of the embedding space structure, the resulting supersymmetry representations are not obviously related to the classifications of AdS supersymmetry algebras and superfield models given in [1, 6] 
